VAR methods have been used to model the interrelationships between job vacancy rates, job separation rates and job-…nding rates using tools such as impulse response analysis. In order to investigate whether such impulse responses change over the course of the business cycle or over time, this paper estimates TVP-VARs for data from North America (the US and Canada) and Europe (France, Spain and the United Kingdom). While the adjustment process of the labor market to shocks in Canada and the US is similar, there are some di¤erences in the European countries. In Europe, we …nd the patterns in the adjustment process di¤er much more across countries, with the common feature across European countries being greater persistence in shocks relative to the US and Canada. We also …nd some evidence that the process of labor market adjustment can vary across time and the business cycle, especially in Europe.
ration rates can be closely related to the ‡uctuations of business cycles. In the time series literature, many empirical papers (for example, Potter, 1999 and Skalin and Teräsvirta, 2002) …nd considerable evidence of nonlinearities in unemployment. To take account of these possible nonlinear e¤ects, this paper extends Fujita (2011) by using a time-varying parameter (TVP) VAR.
We adopt the TVP-VAR of Primiceri (2005) which additionally allows for multivariate stochastic volatility and is popular in the empirical macroeconomics literature. This framework is attractive since it allows both the VAR coe¢ cients and the error covariance matrix to vary over time in a ‡exible and unrestricted fashion.
We estimate VARs and TVP-VARs using three series: the separation hazard (job separation rate); the job-…nding hazard (job-…nding rate); and, vacancy rates/indexes. We examine the dynamics of the labor market adjustment process in countries from North America (Canada and the US) and Europe (Spain, France and the United Kingdom). Our analysis allows us to compare and contrast how adjustments in the labor markets occur in these countries.
Our empirical results provide support for the TVP-VAR with multivariate stochastic volatility. This support is particularly strong for the US, Spain and the UK. We also …nd support for the inequality restrictions we use to identify the impulse responses in all the countries we study. More speci…cally, despite the relatively weak restrictions we impose, our results provide a clear picture of how the labor market responds to these shocks in the …ve countries we consider.
Our results indicate that there are di¤erences in how labor market adjustments occur in North America and Europe. For example, in Canada and the US we …nd that the separation hazard increases quickly after a shock before declining. In contrast, the job-…nding hazard and vacancies in the US and Canada decrease after a shock in a hump shaped pattern. In Europe, we see di¤erences across the countries we consider as well as compared to Canada and the US, since the patterns in the impulse responses tend to be country speci…c. The common feature of the impulse response functions for Europe, relative to those in the US and Canada, is that shocks tend to be more persistent and take much longer to decline as well as being much stronger during cyclical downturns. While we do not …nd much evidence of time variation in the impulse responses from France and Canada, we …nd some interesting time variation in the results for Spain, the UK and, especially, the US. For the US, while the impulse responses for most of the time periods we consider are similar, the impulse responses for the separation and job-…nding hazard in the US Great Recession di¤er from those in earlier periods. In particular, the separation hazard responds more strongly to a shock and takes longer to dissipate. Furthermore, the job-…nding hazard also responds more strongly initially and takes longer to decline and is still quite large at the end of the time horizon we consider. In Spain and the UK, we …nd that shocks tend to be much more persistent during cyclical downturns, since they take much longer to recover relative to other periods we consider. Interestingly, the impulse response functions for the US during the Great Recession are quite similar to those from Europe, in that they exhibit much more persistence.
We also …nd some interesting di¤erences in the size of the impulse responses for the job separation and job-…nding hazard, which imply variation in the contributions to changes in unemployment, across countries and time. The impulse response functions for the job-…nding hazard tend to be larger than those for the job separation hazard in the US and Canada, suggesting that the job-…nding hazard will account for most of the changes in unemployment rates in the US and Canada. While earlier papers have found that the separation hazard plays a larger role in changes in unemployment in Europe, relative to Canada and the US, our TVP-VAR provides a more nuanced view of the role of the job-…nding and job separation hazards in Europe. More speci…cally, our TVP-VAR allows us to determine that there is a great deal of variation in the roles of these hazard rates -both across time and the business cycle -in the European countries we study.
Econometric Methods
VAR methods have enjoyed wide popularity in empirical macroeconomics since the pioneering work of Sims (1980) . VARs are atheoretical models which allow the researcher to investigate the relationships between time series variables without imposing any economic theory. Structural identifying restrictions are placed on VARs in order to give an economic interpretation to impulse responses and other features of interest. Traditionally, these identifying restrictions have been equality restrictions and, in some cases, have been criticized for being overly strong. Uhlig (2005) proposed using weaker sets of inequality restrictions in order to identify impulse responses. This attempt to impose the minimum amount of economic theory used, and let the data speak, is in the spirit of the atheoretical VAR literature. These considerations presumably motivated Fujita (2011), who used a VAR involving separation and job-…nding hazards and vacancy rates along with a sign restriction approach. This approach required the minimal assumptions that a negative shock cannot immediately raise vacancies and cannot cause the unemployment rate to fall for k quarters.
Our econometric methods also begin with VARs with impulse responses being identi…ed through similar sign restrictions. However, we also use TVP-VARs which allow for VAR coe¢ cients to change over time. In empirical macroeconomics, there is a plethora of evidence of structural breaks and other kinds of parameter change (see, among many others, Stock and Watson, 1996) and this has led to a large number of papers which use TVP-VARs (see, among many others, Cogley and Sargent, 2001 , Primiceri 2005 , and D'Agostino et al, 2009 . It is also worth noting that most of these TVP-VAR papers allow for multivariate stochastic volatility which appears to be empirically important in many macroeconomic applications. One purpose of the present paper is to see whether TVP-VARs with multivariate stochastic volatility will prove equally useful in an analysis of the labor market.
In this section, we brie ‡y outline the structure of TVP-VARs and describe how we implement the sign restriction approach to impulse response analysis.
The online appendix provides additional details. Our TVP-VAR setup follows Primiceri (2005) and the sign restriction approach is implemented as in Uhlig (2005) and the reader is referred to these papers for additional motivation and explanation.
The basic VAR used by Fujita (2011) can be written as
where y t is an n 1 vector of observations on the dependent variables, Z t is an n m matrix de…ned so that each VAR equation contains an intercept and p lags of all the dependent variables, and " t are independent N (0; H) for t = 1; 2; :::; T .
The TVP-VAR extends this as
where
and t are independent N (0; Q). Notice that this takes the form of a state space model and the time-varying VAR coe¢ cients can be interpreted as an m 1 vector of unobserved states. This is a popular speci…cation which allows for the coe¢ cients to vary over time. It has the advantage that standard statistical methods for state space models can be used. In our empirical work, we refer to this as the homoskedastic TVP-VAR, to distinguish it from the heteroskedastic TVP-VAR which assumes " t are independent N (0; H t ). Following Primiceri (2005), we use a triangular decomposition to model H t :
where t is a diagonal matrix with diagonal elements j;t for j = 1; 2; :::; n and A t is a lower triangular matrix with ones on the diagonal. That is, it takes the form: : : ::: 1 0 a n1;t : ::: a n(n 1);t 1
Let t = ( 1;t ; 2;t ; :::; n;t ) 0 and a t = (a 21;t ; a 31;t ; a 32;t ; :::; a n(n 1);t ) 0 . These are allowed to evolve according to the following state equations:
and
where u t i:i:d:N (0; W ), v t i:i:d:N (0; C), and u t and v t are independent to each other with all the leads and lags. As discussed in Primiceri (2005) , this speci…cation is a ‡exible one, allowing both error variances and covariances to evolve over time.
Our empirical work considers VARs, homoskedastic TVP-VARs and het- The online appendix also gives details of how the sign-restricted impulse responses are calculated. We use the same methods as Uhlig (2005) and Fujita (2011) . These require the speci…cation of restrictions and we use the same restrictions as in Fujita (2011) which identify an aggregate shock using the following restrictions:
1. A negative aggregate shock will causes changes in unemployment to be non-negative for k quarters.
2. A negative aggregate shock will not raise vacancies in the impact quarter.
In line with Fujita (2011) , in this paper we set k = 2. In the online appendix, we also present results for k = 1; 3; 4 and …nd results to be fairly robust to choice of k. We present impulse responses for the three variables in y t (i.e.
the separation and job-…nding hazards and the vacancy rate). We also present a variance decomposition arising from the sign-restricted impulse response approach. De…ned as in Fujita (2011) , this measures the proportion of the forecast error variance at di¤erent horizons which can be attributed to the identi…ed aggregate shock.
Data
We use quarterly data from the US (1951Q1 to 2009Q4), Canada (1981Q1 to 2003Q1) , France (1995Q1 to 2007Q2), Spain (1987Q3 to 2005Q1) and the United Kingdom (1983Q3 to 2007Q2) . We use the …rst 20 quarters of data from each country as a training sample and use the remaining data to estimate our models.
The separation and job-…nding hazards for France, Spain and the United Kingdom were obtained from Petrongolo and Pissarides (2008) . The US data were obtained from Elsby et al (2010) and include the separation and job-…nding hazard series, which were computed using data from the Current Population Survey (CPS). The Canadian separation and job-…nding hazard series were originally computed in Campolieti (2011) using the public release …les of the Labour Force Survey (LFS), which is collected by Statistics Canada and is comparable to the US CPS. The separation and job-…nding hazard rates measure the ‡ows into unemployment and out of unemployment. Details on the computation of the separation and job-…nding hazards can be found in Elsby et al (2009 ), Elsby et al (2010 , Campolieti (2011) and Petrongolo and Pissarides (2008) .
For the US we use the vacancy series created by Barnichon (2010 We present plots of the raw data for the US, Canada, France, Spain and the UK in the online appendix. These plots indicate that there is some evidence of low-frequency trends in the data. Fujita (2011) detrend all our series using deterministic quadratic trends.
Empirical Results
We divide our empirical results section into two sub-sections. The …rst describes discusses modelling choices and volatility estimates. The second sub-section presents impulse responses and variance decompositions.
Model Comparison
The BIC chooses VAR models with lag length 2 for the US, Canada and Spain, but lag length 1 for France and the UK. We adopt these choices for all of our VARs and TVP-VARs. With regards to the degree of time-variation in VAR coe¢ cients and error variances, Table 1 presents BICs for three models.
For notational convenience, we use 'Homo TVP-VAR' to denote TVP-VAR models with constant error covariance matrix, and 'Hete TVP-VAR'to denote TVP-VAR models with time varying error covariance matrix. Table 1 indicates moderately strong support for time-variation in both VAR coe¢ cients and the error covariance matrix. That is, for all countries we study the Homo TVP-VAR has a substantially lower BIC than the VAR and the heteroskedastic TVP-VAR in turn has a substantially lower BIC than the TVP-VAR. Accordingly, in the remainder of this paper we will focus mainly on the heteroskedastic TVP-VAR. However, a complete set of results for all models is available in the online appendix. With regards to the role of stochastic volatility, 5 we note the following patterns. For Canada and the US, there is evidence of time variation in volatilities, but the patterns are quite di¤erent. For the longer US series, there are more peaks and troughs in the volatilities. For Canada, the time variation reveals itself largely through a spike around 1997. Campolieti (2011) noted that there is a spike in the separation hazard around 1997 and examined some other data sources for similar patterns. Campolieti (2011) concluded that the spike in the separation hazard was most likely related to a change in the wording of the temporary layo¤ question that was phased in between September 1996 and January 1997 (Sunter et al, 1997 ) that would classify more individuals as unemployed in the Canadian Labour Force Survey that occurred around this time, since the spike is not present in other data. Campolieti (2011) also observed an increase in the Canadian job-…nding hazard around 1997. This increase in the rate at which the unemployed …nd jobs is equivalent to a decrease in unemployment duration, which is also seen in Macklem and Barrillas (2005) . However, as noted in Campolieti (2011) , the reasons for this increase in the job-…nding rate from unemployment are unclear.
For France there is a very little evidence of stochastic volatility because the standard deviations take values in a very tight band for both hazard rates and the vacancy series. There is more evidence of stochastic volatility for Spain. In particular, the error in the vacancy rate equation exhibits a number of spikes and troughs. The error in the job-…nding hazard equation also exhibits some stochastic volatility, but this is more pronounced in the …rst half of the study period. For the UK the standard deviations for the separation and job-…nding hazards ‡uctuate in a relatively narrow range. However, the UK vacancy rate exhibits more stochastic volatility. 
Impulse Response Functions and

Variance Decompositions
Before presenting impulse responses, we provide information that the sign restrictions used to calculate them are reasonable. Tables 2 through 6 Another diagnostic on the sign restriction approach is the percentage of the draws that satisfy the identi…cation restrictions. These are presented in Tables   7 to 11 . Paustian (2007) , in his critique of the sign restriction approach, argued that the higher this percentage of draws is, the greater the likelihood that the correct signs of impulse responses are recovered. The acceptance rates we report in Tables 7 to 11 indicate that about 30 percent of the draws (and in some cases more) of the draws satisfy the restrictions. 
The US
The response of the separation hazard (Figure 1 ) to the aggregate shock dies o¤ steadily and fairly quickly (in about 8 quarters). In contrast, the job-…nding hazard and vacancy rate impulse responses exhibit hump-shaped patterns (Figures 2 and 3, respectively) . These impulse responses tend to be near zero after about 12 quarters. These general patterns hold for most our time periods and also hold for the VAR and homoskedastic TVP-VAR.
The signs of the responses for all the series we consider are unambiguous (i.e. the initial response to the shock has an error band that does not include zero), which provides support for the restrictions we use in the data. In other words, despite using weak restrictions, we observe the adjustment process in the US labor market quite clearly. The separation hazard (separation rate) reaches its peak quickly and then declines slowly. The job-…nding hazard (job …nding rate) and vacancies (see Figures 2 and 3 ) take a few quarters to reach a trough before starting to fade. The patterns in these series are like those in Fujita The online appendix presents results for various priors and di¤erent choices for k and these are found to be of the same pattern as those presented here. In addition, relative to the US, the impulse responses for the job-…nding hazard do not have a trough that is as deep, but they do take longer to recover. The patterns in the impulse responses for the job-…nding hazard, relative to the US, is interesting in the context of the di¤erence in unemployment rates that has existed between the two countries since the early1980s (Riddell 2005) . For most of the period we are considering the Canadian unemployment rate was higher than the US unemployment rate. The impulse responses for Canada, relative to the US, suggest that there could be lower exits from unemployment at longer horizons. This is consistent with observations made by Campolieti (2012) , who found that changes in the job-…nding hazard were responsible for a large part of the Canada-US unemployment rate gap.
In general, with Canadian data there is less evidence of time-variation in impulse responses for the separation and job-…nding hazards and the vacancy rate. Although, for the separation hazard, there is some weak evidence that the e¤ect of the negative aggregate shock is getting weaker over time. That is, impact responses are slightly less in 2002Q1 and 2003Q1 than in earlier years.
8 8 We present impulse responses for the unemployment rate in the appendix. These show that the impulse response in 1992Q4 for the unemployment rate is substantially di¤erent than those in other years. The impact and maximum responses are higher in this trough year than at other periods. While 1992Q4 is contained in the 1990-1992 recession, the period covered by the time horizon for the impulse responses corresponds to the period referred to as the 'The Great Canadian Slump' (Fortin 1996) , which was a prolonged period of slow growth for the Canadian economy that extended into the mid-1990s following the end of the [1990] [1991] [1992] The similarity of the impulse responses for the periods we consider is like the pattern we observe in the US, except for 2008Q2. 9 The Canadian estimates suggest that the response to a shock is similar across time and the business cycle. Also, like the US, the separation and job-…nding hazards both play a role in the adjustment of the labor market, but the job-…nding hazard e¤ect is larger.
Results using di¤erent values for k are similar to those presented here (see the online appendix). However, the results using the VAR or homoskedastic TVP-VARs do di¤er from those included here in some minor ways (e.g. the VAR results do not exhibit the same oscillatory responses noted above). Furthermore, the results are more sensitive to the prior than was found with the US data (although this is not unexpected due to the shorter data span). The reader is referred to the online appendix for full empirical results relating to these points. The impulse responses for the vacancy rate for France also di¤ers from those in the US and Canada. These impulse responses do not have a hump shaped pattern in France, like in the US and Canada, and tend to fade relative quickly (about 8 quarters, relative to Canada and the US, which take 10 to 12 quarters to decline in most of the periods we consider). In contrast, during peak periods the impulse responses decline after the initial shock and the decline occurs more quickly than during trough periods.
The impulse response functions for the job-…nding hazard tend to start small before they reach a minimum and then recover. However, after about 6 quarters the impulse responses tend to plateau and the rate of decline is very slow, so that the impulse responses are still relatively large after 20 quarters. This suggests, not surprisingly, that there is a great deal of persistence in unemployment duration. As with the impulse response function for the separation hazard, the time variation in the impulse response for the job-…nding hazard is most ap- 
Discussion
The impulse response functions show that there are some cross-country di¤er-ences in terms of how labor markets adjust. Elsby et al (2008) , in their analysis of unemployment in ‡ows and out ‡ows in OECD countries, divided their study group into three blocks: Anglo-Saxon countries, which exhibit high separation rates and high job-…nding hazards; Continental Europe, which has much lower separation and job-…nding hazards relative to the Anglo-Saxon countries; Nordic economies, with fairly high separation and job-…nding hazards; and, a few in-termediate cases, such as the UK which has hazard rates that lie about halfway between those in Continental European and Anglo-Saxon economies.
10 Using this classi…cation we see di¤erences between the Anglo-Saxon countries in Elsby et al (2008), i.e., Canada and the US, and Continental European economies, i.e.,
France and Spain, in our study, and the UK. Our …ndings also suggest that the UK is not very similar to the US and Canada in terms of the process of labor market adjustment, despite having some similarities in the levels of the hazard rates to Canada and the US. Our …ndings also suggest that each of the European countries has its own distinctive features in terms of the process of labor market adjustment, which might be a re ‡ection of the di¤erent institutional features of each country's labor market, such as di¤erences in social insurance programs, laws governing labor standards, employment protection laws, trade union power and minimum wages (Machin and Manning, 1999 , Nickell and Layard, 1999 and Blanchard and Wolfers, 2000 .
Our results clearly indicate that there are some important di¤erences in how labor market adjustments occur in the countries we include in our study. In the US and Canada, the impulse response functions for the job-…nding hazard and vacancies have a hump shaped response, while separation hazard decreases after the initial shock. In Europe, we see di¤erences in the impulse responses both relative to Canada and the US as well as across countries. As we noted above, these di¤erences could re ‡ect di¤erences in the labor market institutions in each country. For example, in France the impulse responses for the job-…nding hazard have a hump shape, while in the UK the impulse responses for the job-…nding hazard tend to dip and then recover gradually (for the most part) and in Spain the impulse responses decline sharply, recover for a few quarters and then reach a semi-plauteau where they decline quite slowly. Our results also indicate that 1 0 The classi…cation in Elsby et al (2008) listed the Anglo-Saxon countries as Australia, New Zealand, Canada and the United States; the Continental European economies included, France, Spain, Germany, Italy, and Portugal. there are also di¤erences in the persistence of shocks in Europe, with shocks declining more quickly in France than in Spain or the UK. In fact, in Spain and the UK these shocks are still quite large even 20 quarters out. We also observe much more time variability in the impulse responses for the European countries, since shocks can have much larger impacts during cyclical downturns. Another important di¤erence between Europe and the US (except for the period we consider in the US Great Recession) as well as Canada is that impulse responses for shocks to all the series we consider are more persistent in Europe. This is especially true for Spain and the UK, where shocks to the job …nding hazard are much more protracted and take a very long time to fade away, especially during recessions. These …ndings are consistent with observations others have made about the persistence of European unemployment (e.g., among others, Blanchard and Summers, 1986 , Nickell and Layard, 1999 and Nickell et al, 2005 .
We also …nd some interesting di¤erences in the magnitude of the impulse responses for the separation and job-…nding hazard, which imply di¤erences in the contributions of unemployment incidence and duration to changes in unemployment across countries. Elsby et al (2008) in their analysis of the separation and job-…nding hazards in the OECD countries found that the job-…nding hazard has a larger contribution to changes in unemployment rates in the Anglo-Saxon economies (i.e., the US and Canada in our study), while the job separation hazard plays a larger role in continental Europe. We …nd that in the US and Canada the impulse responses for the job-…nding hazard suggest that unemployment duration accounts for most of the changes in unemployment and this portion tends to increase as the impulse response horizon increases. The patterns we observe in Europe are very di¤erent. In France, there is a fairly even split between the impulse responses for the separation and job-…nding hazards until about 4 to 6 quarters, after which the job-…nding hazard e¤ects tend to dominate more. In the United Kingdom, the impulse responses for the separation and job-…nding hazard tend to be similar in the …rst few quarters, but the job…nding hazard is more dominant after that. In Spain, the impulse responses for the job-…nding and separation hazards vary much more over time and the business cycle. During cyclical troughs, the impulse responses for the separation and job-…nding hazard are fairly similar, but the job-…nding hazard becomes more dominant after a few quarters and remains so. In contrast, during cyclical peaks, the impulse responses for the separation hazard e¤ects are larger for the initial few quarters, after which the job-…nding hazard e¤ects would become much larger for about 4 quarters. However, as the impulse responses for the job-…nding hazard decline, they become similar in magnitude to the responses for the separation hazard, which suggests that they would account for similar shares of changes in unemployment at longer horizons. Our results for the US and Canada are in line with the conclusions in Elsby et al (2008) on the relative contributions of the separation and job-…nding hazards to changes in unemployment. However, our TVP-VAR models allow us to observe two patterns that have not been noted before in the literature for Europe. First, our estimates indicate that there is time variation in these e¤ects across countries and in most countries the job-…nding hazard e¤ects play a larger role in the intermediateand longer-run. Second, we observe some variation in these e¤ects across the business cycle.
Concluding Remarks
In this paper, we have built on the existing literature which uses VAR methods for investigating the relationship between in ‡ow and out ‡ows into unemployment by using TVP-VAR methods. We use data from the US, Canada, France, Spain and the UK. Our analysis allows us to examine to extent of the crosscountry di¤erences in how labor markets respond to shocks as well as whether these relationships are changing over time.
While we …nd that the process of labor market adjustment is similar in the US and Canada, we …nd that Europe is very di¤erent. Moreover, we …nd that the process for labor market adjustment also di¤ers a great deal across the European countries we consider, i.e., each country has its own unique patterns in how adjustments occur. However, the common element across the European countries we consider is the much longer time for shocks to decline, relative to the US and Canada. We also …nd much more time variability in Europe, i.e., Spain and the UK. Interestingly, our analysis of the US during the Great Recession resembles some of the patterns we observe in the European economies we study, in terms of the amount it takes for shocks to disappear. Our estimates highlight the importance of using TVP-VAR models that can incorporate time variation since they reveal some features of the labor market adjustment process (particularly during severe economic downturns) that would not be captured by standard VAR models or more descriptive methods.
